In order to contribute positively to the environmental and human health sensitivity, it is necessary to fight to reduce emissions of the diesel-induced pollutant. Ethanol is providing the notable potential to reduce particulate emissions in diesel engines since ethanol has lower carbon content than diesel fuel and it is oxygenated. In the present study, the effects of ethanol fumigation on engine performance and combustion characteristics and pollution emissions were investigated experimentally at eleven different engine speed in a turbocharged three-cylinder tractor diesel engine. The injector placed for spraying on the intake manifold was controlled by the ECU board developed as Arduino-based and the engine was driven with dual fuel. It was detected that cylinder gas pressure increased at the beginning of the combustion process and decreased during the last phase of combustion. The experimental results of the engine performance indicated for the ethanol fuel are higher than that of diesel fuel. HC emissions have declined considerably, and NOx emissions have decreased compared to diesel fuel at high speed.
EXPERIMENT METHODOLOGY
In the present work, the effect of using diesel and ethanol with fumigation method on the performance and emission characteristics of a small tractor engine was investigated. The experiments were first run with only diesel fuel to determine the characteristics of the tractor engine. The motor was operated between 1100 rpm and 2200 rpm at partial loads. In this study, together with diesel fuel (E0) sprayed directly into the cylinder, agricultural production ethanol with 99.9% purity was sprayed into the intake manifold port at a rate of 10% (EF10) by volume for fumigation method. The reason for using 99.9% anhydrous ethanol in the experiments, 99.9% purity ethanol provides a better mixture more than 99.5% pure ethanol with diesel [15] . The properties of ethanol and diesel are shown in Table 1 [16, 17] . Before the experiments the test engine was run for 15 minutes to achieve the stable operating conditions. Hence, the tractor engine was operated with dual fuel. For the fumigation method, a gasoline injector placed on the engine's intake manifold was controlled by the Arduino-based ECU electronic card. The exhaust emissions were measured with AVL Dicom 4000 and AVL 415S gas analyzer, the in-cylinder pressure was measured with the AVL GH14P piezoelectric pressure sensor and Kistler 5011B as charge amplifier, the motor power was detected using S type Load cell. While the engine speed was measured with a Proximity sensor, the exhaust gas temperature was measured using a K-type thermocouple that was specifically positioned in the exhaust manifold. The schematic of the entire fuel system of the experimental apparatus is shown in Fig.1 . Specification of Experiment engine can be seen in Table 2 . 
Table1. Typical properties of diesel and ethanol

RESULTS AND DISCUSSIONS
The use of ethanol with a 10% ratio for fumigation method in the graphs was shown as EF10, while the use of only neat diesel was represented as E0. The variation of the engine brake power obtained with firstly diesel (E0) and then the change of power with 10% ethanol fumigation (EF10) at various engine speeds is shown in Figure 2 . As ethanol fumigation increases by 10%, the engine power increases by 8%. While operating below 1600 rpm engine speed which is max torque, engine brake torque increased to 9.08% with EF10 in Fig. 3 . These increases can be explained in that: although the total fuel cetane number of the fuel added to the combustion has been reduced with ethanol, with the increase in internal cylinder temperature due to the precombustion of ethanol, which provides a good mixture with turbocharged compressed air before the injection of diesel fuel, can be related to better combustion of diesel fuel. The maximum power was provide at 1600 rpm while the maximum torque was supply at 2000 rpm. Page 27 DOI : 10.31695/IJERAT.2019.3400 
Fig. 3. Engine brake torque output versus engine speed using ethanol-diesel emulsion at different speeds
HC emission decreases by 79.8% with EF10 in Fig. 4 . HC emissions of the blends are lower than that of diesel because complete combustion will be full burning owing to oxygen inside ethanol. While the tractor engine is running at medium speeds, it has been determined that the metallic noise can be heard and the operating characteristic is unstable. However, the metallic sound, which can be heard by ethanol fumigation, has decreased considerably. This can be seen with the reduction of HC emissions.
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Fig. 4. THC emissions versus engine speed using ethanol-diesel emulsion at different speeds.
The variation of the Nitrogen oxide emissions with different engine speed is shown in Fig. 5 . The low cetane ethanol number causes prolongation of the ignition delay. Thus ethanol can homogenize the mixture with air. Combustion of ethanol vapor, which provides a good mixture with turbocharged air, can ensure better combustion of the main fuel diesel. Therefore, it may lead to an increase in NOx emissions due to temperature increase in the cylinder.
Fig. 5. NOx emissions versus engine speed using ethanol-diesel emulsion at different speeds
Variation of the soot concentration at different engine speeds is shown in Fig. 6 . There was a decrease %13 as conclusion of study in smoke emissions but there was a slight increase in the medium engine speeds. The most important reason for this is that the engine has started to knock due to unstable operation characteristics of engine at medium speeds.
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Fig. 6. Variation of Soot density versus using ethanol-diesel emulsion at different speeds
The combustion parameters such as the change of cylinder gas pressure and heat release rate are discussed with reference to the crank angle. The experiments were conducted at maximum torque speed (1600 rpm) and maximum power speed (2000 rpm) for E0 and EF10 fuels. The in-cylinder pressure, heat release rate and mass fraction burned for neat diesel and EF10 fuels are compared in the following Fig. 7 and Fig. 8 . The maximum combustion pressure increases as the engine load rising because of the increase in the amount of fuel injection. The peak cylinder pressure happen at almost the same crank angle for all fuels. As it can be seen from the two pressures graph, cylinder pressures with ethanol fumigation take higher values than diesel fuel. In addition, ethanol fumigation has been shown to start earlier and more energy is released in the vicinity of Top Dead Center (TDC.) Increased peak pressure with ethanol fumigation can be caused by ethanol vapor which provides a good mixture with the compressed air taken during the suction stroke, burning before the diesel burn. Ignition and combustion duration of E0 and EF10 fuels can be seen with the increase of ethanol, ignition delay and combustion duration shrink. With Ethanol fumigation, TDC vicinity pressure may be caused by the prolonged ignition delay time and by the sudden burning of ethanol + fuel vapor around the accumulated fuel in this time. It can also be foreseen that the fuels taken during ignition delay will increase engine power [18].
CONCLUSION
The main results obtained can be summarized as follows:  In the tractor engine, there is an improvement in the cylinder pressure with ethanol fumigation.  In the use of 10% ethanol, engine power, torque and pollutant emissions have improved. However, NOx was slightly increased at medium speeds. In this respect, the fumigation method for this tractor, which works under field load, was found to be quite favorable.  HC emissions were significantly reduced with ethanol fumigation.  Smoke emission has been decreased at low speeds but is similar to diesel combustion at high speeds.  The ethanol blends which made in certain conditions, can be used directly in any agricultural tractor.
